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FXUHVWDJHVWHPSHUDWXUHDQGWKHWLPHWKLVWHPSHUDWXUHLVPDLQWDLQHG$VWXG\UHDOL]HGLQRXU
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ODERUDWRU\GHDOWZLWKDFXUHF\FOH UHFRPPHQGHGE\ WKHUHVLQPDQXIDFWXUHUDQGRSWLPL]HG LW
>@
7KHVH WZRGLIIHUHQW FXUH F\FOHV DUHXVHG IRU WKH UHDOL]DWLRQRI WKH FRPSRVLWHSODWHVZLWK D
WKLUGRQHIRUZKLFKWKHWLPHRIPDLQWHQDQFHDWWKHUHWLFXODWLRQVWDJHWHPSHUDWXUHZDVUHGXFHG
7KXVWKHUHVLQVKRXOGEHXQGHUSRO\PHUL]HG:LWKWKLVFKRLFHWKHEHQGLQJULJLGLW\RIWKHWKLUG
FRPSRVLWH LV YROXQWDULO\ GHFUHDVHG DQG LWV LQIOXHQFH RQ WKH LPSDFW EHKDYLRXU FDQ EH
HVWLPDWHG7KHWKUHHFXUHF\FOHVDUHUHIHUUHGWRDV
 &\FOHRSWLPL]HGF\FOH
 &\FOHUHVLQPDQXIDFWXUHUUHFRPPHQGHGF\FOH
 &\FOHXQGHUSRO\PHUL]HGF\FOH

7KHSDUDPHWHUVXVHG LQ WKH UHDOL]DWLRQRI WKHVH WKUHH FXUHF\FOHVDUHJLYHQ LQ WKH IROORZLQJ
WDEOH7DEOH
 7HPSHUDWXUHULVLQJVSHHG 3RO\PHUL]DWLRQVWDJH
&\FOH &PLQ K&
&\FOH ,QVWDQWDQHRXV K&
&\FOH ,QVWDQWDQHRXV PLQ&
7DEOH&\FOHVRISRO\PHUL]DWLRQ
D 0DWHULDOSURSHUWLHV

,QWKHDHURQDXWLFDOLQGXVWU\PD[LPXPDFFHSWDEOHSRURVLW\LVDERXW8QGHUWKLVOLPLWLW
LV DVVXPHG WKDW WKH SRURVLW\ GLVWULEXWLRQ LV KRPRJHQHRXV RYHU WKH ZKROH SODWH ZLWKRXW
SDUWLFXODU DFFXPXODWLRQ LQ DQ XQVSHFLILHG ]RQH 7KH SRURVLW\ UDWHV REWDLQHG IRU WKH WKUHH
F\FOHVRISRO\PHUL]DWLRQDUHVKRZQLQWKHIROORZLQJWDEOH7DEOH
 &\FOH &\FOH &\FOH
'HQVLW\   
3RURVLW\UDWH   
)LEUHUDWH   
7DEOH0DWHULDOFKDUDFWHULVWLFVDFFRUGLQJWRF\FOHVRISRO\PHUL]DWLRQ

7KH DQDO\VLV RI WKH UHVXOWV VKRZV D TXDVLLGHQWLFDO GHQVLW\ IRU DOO WKUHH F\FOH 7KH
GHWHUPLQDWLRQ RI WKH ILEUH UDWH IROORZV WKH VDPH SDWWHUQ ZLWK D  YDULDWLRQ IRU WKH WKUHH
F\FOHV7KHSRURVLW\ UDWH LV ORZHU WKDQ WKHDFFHSWDEOH&RQVHTXHQWO\ WKHSURSHUWLHVRI
WKHPDWHULDOVDUHORFDWHGLQDOHYHORIDFFHSWDELOLW\IRUDQDHURQDXWLFDODSSOLFDWLRQRIRUGHU
,(IRUDXVHLQVWUXFWXUDOSDUWV

E 0HFKDQLFDOSURSHUWLHV

7KHPHFKDQLFDOEHKDYLRXURIWKHFRPSRVLWHSODWHLVVWURQJO\GHSHQGHQWRQWKHRUJDQL]DWLRQRI
WKH PDFURPROHFXODU FKDLQV RI WKH UHVLQ $V WKH WHPSHUDWXUH RI JODVV WUDQVLWLRQ 7J HYROYHV
DFFRUGLQJWRWKHVHPDFURPROHFXODURUJDQL]DWLRQVLWVHHPVQHFHVVDU\WRSHUIRUPD'LIIHUHQWLDO
6FDQQLQJ&DORULPHWU\'6&DQGDUKHRORJLFDODQDO\VLVLQRUGHUWRGHWHUPLQHWKHWHPSHUDWXUH
RIJODVVWUDQVLWLRQDFFRUGLQJWRWKHFXUHF\FOHV7KXVLQIRUPDWLRQDERXWWKHUDWHRIUHWLFXODWLRQ
RIWKHUHVLQFRXOGEHREWDLQHG
7KH'6&DQDO\VLV JLYHV D ILUVW FDORULPHWULF YDOXH RI WKH WHPSHUDWXUH RI JODVV WUDQVLWLRQ7J
ZKHUHDVWKHUKHRORJLFDODQDO\VLVJLYHVLWDJDLQZLWKDPHFKDQLFDORQH7Į
,Q WKH IROORZLQJ WDEOH 7DEOH WKH UHVXOWV REWDLQHGZLWK ERWK DQDO\VLV DUH FRPSDUHGZLWK
WKHVHH[SHFWHGIRUWKHUHVLQ>@
  &\FOH &\FOH &\FOH
7JH[SHFWHG&   
7J'6&&   
7J5KHRPHWHU&   
7Į5KHRPHWHU&   
7DEOH*ODVVWUDQVLWLRQWHPSHUDWXUHDFFRUGLQJWRF\FOHVRISRO\PHUL]DWLRQ
7KHVHUHVXOWVVKRZWKDWWKHWHPSHUDWXUHRIJODVVWUDQVLWLRQREWDLQHGZLWKWKHWKUHHFXUHF\FOHV
DUHGLIIHUHQW7KHKLJKHUWKHWHPSHUDWXUHRIWKHUHVLQGXULQJWKHFXUHF\FOHLVWKHKLJKHULVWKH
WHPSHUDWXUH RI JODVV WUDQVLWLRQ 7KH WKUHH FRPSRVLWH SODWHV UHDOL]HG KDYH GLIIHUHQW
PDFURPROHFXODUNLQHPDWLFVDWGLIIHUHQWWHPSHUDWXUHVEXWDOVRDGLIIHUHQWGXFWLOLW\7KHKLJKHU
WKH WHPSHUDWXUH RI JODVV WUDQVLWLRQ LV WKH PRUH EULWWOH LV WKH EHKDYLRXU RI WKH FRPSRVLWH
PDWHULDO7KHVHSKHQRPHQDZLOOEHREVHUYHGGXULQJLPSDFWWHVWLQJV

,,,PSDFWWHVWLQJ
1. Sample 
7KH LPSDFW VDPSOH VKRXOG QRW EH VHQVLWLYH WR HGJH HIIHFWV GXULQJ WKH WHVW 7KXV VWDQGDUG
$670'  VWDQGDUGL]HV LWV GLPHQVLRQV 0RUHRYHU LQ RUGHU WR FRQWUROOLQJ WKH GDPDJH
SURSDJDWLRQ WKH VWDQGDUG UHFRPPHQGV WKH XVH RI PLQLPXP PP WKLFNQHVV VDPSOH 7KH
VWDFNLQJVHTXHQFHXVHGWRREWDLQHGWKLV WKLFNQHVV LV>>@@V7KHUHDO WKLFNQHVV LV WKHQ
PP7KHVL]HRIWKHVDPSOHLV[[PP
7KHFRPSRVLWHSODWHVDUHDOZD\VUHDOL]HGXVLQJWKHWKUHHFXUHF\FOHVSUHVHQWHGDERYH
2. Testing device  
7KHWHVWLQJGHYLFHLVDQLPSDFWWHVWLQJLQVWUXPHQWIURP0770DWHULDO7HVWLQJ7HFKQRORJ\
,WVPD[LPXPFDSDFLW\LV-DQGLWLVHTXLSSHGZLWKDKHPLVSKHULFKHDGRIGLDPHWHUPP
)LJXUH 7KH IDOOLQJ PDVV LV NJ DQG WKH PD[LPXP KHLJKW RI IDOO LV P 7KH XVH RI
DGGLWLRQDO PDVVHV HQDEOHV WHVWLQJ ZLWK KLJKHU HQHUJLHV $ PHFKDQLFDO V\VWHP FODPSV WKH
VDPSOH)LJXUHDQGDQDQWLUHERXQGV\VWHPVWRSVWKHIDOOLQJPDVVDIWHULPSDFW
  
)LJXUH,PSDFWWHVWLQJLQVWUXPHQW077

)LJXUH6DPSOHPHFKDQLFDOFODPSLQJ
3. Damage checking 
7R EH VXUH WKDW WKH LPSDFW FRQGLWLRQV DUH UHDOO\ %9,' WKH PHWKRGV RI FRQWURO SUHVHQWHG
SUHYLRXVO\ KDYH EHHQ DSSOLHG WR WKH VDPSOHV 7DEOH JLYHV WKH UHVXOWV REWDLQHG GXULQJ WKH
FRQWURORIWKHUHVLGXDOLQGHQWDWLRQE\VXUIDFHGLJLWDOL]DWLRQDQGWKHVL]HRIWKHGDPDJHGDUHD
=(E\LQIUDUHGWKHUPRJUDSK\

 &\FOH &\FOH &\FOH
5HVLGXDOLQGHQWDWLRQPP   
'DPDJHGDUHDPP   
7DEOH,PSDFWWHVWVUHVXOWV
$FFRUGLQJWRWKHGHSWKRIWKHUHVLGXDOLQGHQWDWLRQDOOWKHUHVXOWVDUHFORVHWRPP7KLVLV
WKH OLPLW RI GHWHFWDELOLW\ VR WKH LPSDFW LV UHDOO\ LQ WKH %9,' GRPDLQ $OO WKH WHVWV DUH
UHSHWLWLYH>@ZKLFKHQDEOHVWKHDYHUDJHRIWKHREWDLQHGYDOXHVWREHSUHVHQWHG
$VUHJDUGV WKHVL]HRI WKHGDPDJHGDUHD LWGHFUHDVHV IURPF\FOH WRF\FOH7KHVHUHVXOWV
IROORZ WKH VDPH SDWWHUQ DV WKH WHPSHUDWXUH RI JODVV WUDQVLWLRQ ,QGHHG WKH KLJKHU WKH
WHPSHUDWXUH RI JODVV WUDQVLWLRQ 7J&\FOH!7J&\FOH!7J&\FOH WKH PRUH SRO\PHULVHG DQG WKH
PRUHEULWWOHLVWKHUHVLQ0RUHRYHUWKLVKLJKUDWHRISRO\PHUL]DWLRQIRUF\FOHLQGXFHV
KLJKHUVWLIIQHVVRIWKHVDPSOH7KXVGXULQJLPSDFWWHVWLQJSDUWRIWKHHQHUJ\LVDEVRUEHGE\
WKHGHIRUPDWLRQRIWKHSODWH6RWKHJUHDWHUWKHVWLIIQHVVRIWKHSODWHLVWKHORZHULVWKHHQHUJ\
DEVRUSWLRQ7KHUHVXOWLVWKDWWKHHQHUJ\RIGHJUDGDWLRQGXHWRWKHZDYHSURSDJDWLRQLVJUHDWHU
DQGFDXVHVPRUHGDPDJHWRWKHVDPSOH
,QFRQFOXVLRQDFFRUGLQJWRWKHLQIOXHQFHRIWKHLPSDFWF\FOHZLWKLWVPPRIUHVLGXDO
LQGHQWDWLRQFDQEHFRQVLGHUHGDVQRQ%9,'7KHGDPDJHLQGXFHGE\F\FOHLVJUHDWHU WKDQ
WKDWRIF\FOH,WVHHPVORJLFDOWKHQWRFRQWLQXHWKHVWXG\ZLWKRQO\F\FOHWRRSWLPL]HWKH
PHFKDQLFDOSURSHUWLHVRIWKHPDWHULDO





 ,,)DWLJXH7HVWLQJ

1. Test device and sample 

,QRUGHUWRVLPXOWDQHRXVO\UHVSHFW WKHLPSDFW WHVWLQJVWDQGDUGV $670'DQGIDWLJXH
WHVWLQJ VWDQGDUGV 1)(1 ,62 D QHZ VDPSOH KDV EHHQ GHYHORSHG ,W DVVRFLDWHV WKH
ZLGWKDQG WKH WKLFNQHVVRI WKH LPSDFW WHVW VDPSOHDQG WKH OHQJWKRI WKHIDWLJXH WHVWVDPSOH
7KLVVDPSOHZLOOEHQRZUHIHUUHGWRDVWKH)$,VDPSOH)LJXUH7KLVVDPSOHSUHVHQWVODUJH
GLPHQVLRQVDQGKLJKPHFKDQLFDOSURSHUWLHVVRDOOWKHPHFKDQLFDOWHVWVUHTXLUHDKLJKFDSDFLW\
WHVWLQJPDFKLQH7KHWHVWVZHUHFDUULHGRXWRQDQ,167521PDFKLQHHTXLSSHGZLWKD
ORDG FHOO RI N1 LQ G\QDPLF 7HVWV ZHUH FRQWUROOHG LQ ORDG DQG WKH WHPSHUDWXUH RI WKH
VDPSOHZDVFKHFNHGZLWKD)/,57LWDQLXPWKHUPDOFDPHUD
)LJXUH6DPSOHV

2. Fatigue cycle 

,QRUGHUWRUHVSHFWWKHFRQGLWLRQVRIXVHRIWKHFRPSRVLWHSDUWVDQGZLWKDQDLPRIJHQHUDWLQJ
FRQWUROOHGGDPDJHD VWDQGDUGF\FOHRI IDWLJXHZDVGHYHORSHG7KHREMHFWLYH LV WRHQWHU WKH
SUHMXGLFLDOFRPSUHVVLRQILHOGZKLOHDYRLGLQJEXFNOLQJSKHQRPHQD7KHVKDSHRIWKLVWHQVLOH
FRPSUHVVLYHF\FOHLVSUHVHQWHGRQ)LJXUH
 )LJXUH6WDQGDUGF\FOHRIIDWLJXH
7KHILUVWSDUWRIWKHWHVWLVDPRQRWRQRXVULVHWRWKHDYHUDJHORDG7KXVWKHLQLWLDOPRGXOXVRI
HODVWLFLW\RIWKHVDPSOHFDQEHGHWHUPLQHG7KHUHDIWHUWKHIDWLJXHWHVWLQJEHJLQVZLWKDORDG
UDWLR 5  )RU HDFK F\FOH DQ LQVWDQWDQHRXV PRGXOXV RI HODVWLFLW\ FDQ EH PHDVXUHG 7KH
GDPDJHFDQEHHVWLPDWHGE\WKHORVVRIVWLIIQHVVRIWKHVDPSOH

7KHVWDQGDUGIDWLJXHWHVW1)(1,62VWLSXODWHVWKDWGXULQJIDWLJXHWHVWLQJWKHULVHRIWKH
VDPSOHWHPSHUDWXUHVKRXOGQRWH[FHHG&$VROLFLWDWLRQIUHTXHQF\WHVWRIPD[LPXP+]
PDNHVLWSRVVLEOHWRUHVSHFWWKLVFRQGLWLRQ7KHPD[LPXPORDGDSSOLHGWRWKHVDPSOHLV
RIWKHXOWLPDWHORDGLHN1'XULQJWKHWHVWF\FOHVRIK\VWHUHVLVDUHSORWWHGDQGGDPDJH
FDQEHHVWLPDWHG
7KH ,QIUDUHG FDPHUD HQDEOHV WKH WHPSHUDWXUH ILHOG RQ WKH VXUIDFH RI WKH VDPSOH WR EH
YLVXDOLVHG,QDFFRUGDQFHZLWKWKHSURFHGXUHGHYHORSHGWRWUDFNWKHWHVWSHULRGLFDOILOPVDUH
UHFRUGHG DQG DVVRFLDWHGZLWK WKH F\FOHV RI K\VWHUHVLV 7KH REWDLQHG ILOP LV SRVWWUHDWHG WR
H[WUDFWFDUWRJUDSKLHVIRUWKHGLIIHUHQWF\FOHV)LJXUH

)LJXUH,5&DUWRJUDSKLHVRIGDPDJHGDUHDHYROXWLRQ

7KHGLIIHUHQW ,5FDUWRJUDSKLHVVKRZWKHHYROXWLRQRI WKHGDPDJHGDUHD ,W LV WKHSRVVLEOHWR
FRUUHODWHWKLVHYROXWLRQZLWKWKHORVVRIVWLIIQHVVRIWKHVDPSOH7KHWHVWLQJSURFHGXUHRIUHDO
WLPH PHDVXUHPHQW RI WKH GDPDJH DUHD HYROXWLRQ E\ SDVVLYH LQIUDUHG WKHUPRJUDSK\ ZDV
SHUIRUPHGRQLPSDFWHGVDPSOHVREWDLQHGE\WKHFXUHF\FOH7REHJLQZLWKWKHHYROXWLRQ
 RI WKHGHIHFWDORQJD[HVDQGRI WKH WKUHHVDPSOHV LVSORWWHGD[LVRI WKHVDPSOH LV WKH
VDPHDVWKHORDGLQJRQHD[LVLVWKHSHUSHQGLFXODURQH)LJXUH

)LJXUH,PSDFWGHIHFWHYROXWLRQDORQJWKHGLUHFWLRQV

)URPWKLVILUVWSORWWLQJZHQRWHWKDWDWWKHEHJLQQLQJRIWKHWHVWWKHGHIHFWHYROYHVLQWKHWZR
GLUHFWLRQVRIWKHORDGLQJSODQH$IWHUVWDELOL]DWLRQWKHGHIHFWSURSDJDWLRQDSSHDUVRQO\DORQJ
WKHGLUHFWLRQSHUSHQGLFXODUWRWKHORDGGLUHFWLRQGLUHFWLRQ
6HFRQGO\WKHGHIHFWHYROXWLRQIRUWKHWKUHHVDPSOHVLVSORWWHG)LJXUH

)LJXUH'HIHFWHYROXWLRQIRUWKHVDPSOHV

7KHLPSDFWGDPDJHRIWKHWKUHHVDPSOHVIROORZVWKHVDPHWUHQG6RWKHPHWKRGXVHGFDQWKHQ
EHYDOLGDWHG,QIDFWWKHHYROXWLRQLVTXDOLWDWLYHO\DQGTXDQWLWDWLYHO\WKHVDPHGXULQJDOOWKH
IDWLJXHWHVWV)RUH[DPSOHZLWKF\FOHVWKHYDOXHVRIWKHGHIHFWDUHUHVSHFWLYHO\
DQGPPIRUWKHVDPSOHV7KHVWDQGDUGGHYLDWLRQLVWKHQIRUDQDYHUDJHRI
PP9DULDWLRQLVDERXW
  
 
 
 
 
 
 
 
 
)RUDOOWKHWHVWVWKHGDPDJHDSSHDUVDWWKHEHJLQQLQJDQGTXLFNO\LQFUHDVHVXQWLODVWDELOLVDWLRQ
DWDURXQGF\FOHV7KHQDVHFRQGSKDVHEHJLQVXSXQWLOF\FOHVZKHUHDGYDQFHG
GDPDJLQJZLWKDTXLFNFKDQJHRIWKHVL]HGHIHFWDSSHDUV7KLVHYROXWLRQLQWKUHHSKDVHVLVLQ
SHUIHFWDJUHHPHQWZLWKWKHPRGHVRISURJUHVVLYHGDPDJLQJLQLWLDWLRQVWDELOL]DWLRQDQGTXLFN
UXSWXUH>@7KLVWUHQGUHODWHVWRWKHZRUNVRI-DPLVRQ>@DQG0DR>@ZKRVKRZHGWKDW
WKHHYROXWLRQRIUHVLGXDOVWLIIQHVVGXULQJIDWLJXHWHVWLQJIROORZVWKHVHWKUHHSKDVHV7KHRQO\
GLIIHUHQFH ZLWK WKH SUHVHQW VWXG\ LV WKDW WKH FRPSRVLWH SODWHV SUHVHQWHG KHUH DUH DOUHDG\
GDPDJHGE\LPSDFW

&RQFOXVLRQ

7KH IDWLJXHRIGDPDJHGFRPSRVLWH VWUXFWXUHVPDQXIDFWXUHGE\/5,ZDV LQYHVWLJDWHG LQ WKLV
VWXG\7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURPWKHH[SHULPHQWDOUHVXOWVREWDLQHG
 WKH FXUH F\FOH&JLYHV WKH EHVWPHFKDQLFDO FKDUDFWHULVWLFV DQG LW JLYHV D%9,'
HQHUJ\7KLVF\FOHKDVDQLQVWDQWDQHRXVULVHLQWHPSHUDWXUHDQGDORQJWHPSHUDWXUH
VWDELOLVDWLRQVWDJH
 DQHZPHWKRGRIGHIHFWWUDFNLQJHYROXWLRQLVGHYHORSHGIURPVXEWUDFWLRQPHWKRGV
 WKHLQLWLDOGHIHFWDQGLWVSURSDJDWLRQFRXOGWKXVEHKLJKOLJKWHG
 WKHPHFKDQLFDOGDWDREWDLQHGGXULQJIDWLJXHWHVWLQJVKRZVWKDWWKHHYROXWLRQLQWKH
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